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Parameter optimization and direction recognition in angle measurement
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Abstract: The nonlinear relationship between phase and rotation angle of a self-mixing interference
signal caused by a reflector rotation was researched and an experimental parameter optimization
method was proposed to reduce the nonlinear angle measurement errors from the nonlinear effect
above mentioned. The physical approximate conditions in self-mixing type interferometry were re-
evaluated for enlarged angle measurement range, the effect of experimental parameters on the errors
of angle measurement was analyzed theoretically and simulations were carried out subsequently. A
new method relied on the nonlinear relationship to recognize the direction of rotation was introduced.
Finally, self-mixing interference experiments for angle measurement were performed and the results
corresponding to different conditions were given. The results show that errors of focused laser self-
mixing type interferometry are reduced remarkably, and the measurement precision reaches to

1077 rad, which is increased by one order of magnitude as compared with that of the non-optimized
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scheme. These results verily the evidences of the optimization scheme for the recognition of rotating

direction and the improvement of measurement accuracy.

Moreover, as the high accuracy of

measurement maintains angle measurement ranges enlarged, it broadens applications of laser self-

mixing interferometry based on the reflector rotation.

Key words: laser self-mixing interferometry; angle measurement; nonlinear error; parameter optimization;

rotating direction
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Fig. 1 Laser self-mixing interference caused by a

rotatable reflector. (a) Schematic diagram;

(b) Angle range
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Fig. 2 Focused laser self-mixing interference caused by a
rotatable reflector. (a) Schematic diagram; (b)

Angle range
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Fig. 3 Simulation curve of angle versus phase
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Fig. 4 Simulation of laser self-mixing interference signals
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Fig. 5

angle measurement
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